Background The complications discussed with patients by surgeons prior to surgery vary, because no consensus on major complications exists. Such consensus may improve informed consent and shared decision-making. This study aimed to achieve consensus among vascular surgeons on which complications are considered 'major' and which
informed consent guidelines, surgeons are obliged to discuss the major and most frequently occurring complications with their patient [3, 4] . However, no consensus exists on which specific complications are considered to be major.
Evidently, there are no objective criteria to determine whether complications are major or minor. In these situations, the Delphi method can help fill the knowledge gap by reaching consensus using the knowledge and personal opinions of experts. The RAND corporation originally developed the Delphi method to predict the impact of technology on warfare in the 1950s [5] . Since then, its use Electronic supplementary material The online version of this article (https://doi.org/10.1007/s00268-019-05038-3) contains supplementary material, which is available to authorized users.
has expanded into other areas, including healthcare. For example, using the Delphi method, experts have reached consensus on which complications to discuss with patients prior to treatment for varicose veins, colorectal cancer and skin cancer [6] [7] [8] .
Consensus on which specific major complications to discuss with patients will harmonize how surgeons inform their patients and obtain informed consent. Moreover, informing patients about potential major complications allows them to assess their values and preferences regarding available treatment options.
Patients with vascular surgical diseases may particularly benefit from this assessment as there is usually a conservative, endovascular and/or open surgical treatment option available, each with their own benefits and complications [9] .
Thus, the aim of this study was to reach consensus on which complications are considered 'major' and which 'minor' following treatment for abdominal aortic aneurysm (AAA), carotid artery disease (CAD) and peripheral artery disease (PAD) using the knowledge and personal opinions of vascular surgeons from Europe and North America.
Methods

Study design
The Delphi method typically presents participants with 3-5 rounds of a fixed set of questions [10] . After each round, participants receive a summary of responses from the previous round. Based on this summary, participants may adjust their answers in the following round. This process continues until participants reach consensus or if no additional consensus is expected. The Delphi method allows researchers to include a large number of participants, anonymously and throughout the world. It also prevents one expert from dictating consensus [10] .
Participants
Participants in a Delphi study are usually experts on the topic on which consensus is sought. Their scientific and practical knowledge of potential complications, and their experience in the consulting room, equip vascular surgeons with an expert opinion on whether a complication is major or minor. This study focused on complications following elective treatment for AAA, CAD and/or PAD. Thus, vascular surgeons were eligible for participation if they treated patients with one of these diseases and had either published articles about the disease or performed C5 interventions for this disease during the previous year.
With permission from the organisers, vascular surgeons who had attended the 2015 VEITH symposium were contacted via personal email and asked to participate. Dutch vascular surgeons were contacted via the Dutch Society of Vascular Surgery. Participants were selected in alphabetical order until the email addresses of at least 50 vascular surgeons per disease had been obtained.
Complications
One researcher extracted all reported complications from reference articles used in Cochrane systematic reviews on AAA and CAD [11, 12] . The Dutch peripheral vascular disease guideline was used for PAD [13] . Complications included 30-day and long-term complications as well as complications from open and endovascular surgery. Death was not included as a complication in this study as the authors presumed all participants would consider death to be a major complication. A second researcher verified the extraction. From the literature, 24-30 complications per disease were extracted. Following the first round, participating experts were asked to suggest complications they deemed missing from the survey. These were added in the second round.
Complications can have differing consequences that affect whether a complication is viewed as major or minor. Therefore, complications were extended by a description based on the three-tiered severity scoring of the Society for Vascular Surgery (SVS) reporting standards [14] [15] [16] . An example of this is the consequences of spinal cord ischemia which are mild if resolved within 24 h. However, consequences can also be regarded as moderate if the ability to walk without support is regained within one month, and as severe if paraplegia remains permanent. If a complication was not addressed by the SVS reporting standards, the Clavien-Dindo classification combined with information from reference articles or daily practice was used to present the differing consequences [17] . In the surveys, complications were presented in alphabetical order to avoid ranking bias.
Delphi method modifications
The researchers made several modifications to the classic Delphi method [10] . First, an electronic Delphi method was used, i.e., the surveys were developed online and sent via email using the online tool SurveyMonkey (San Mateo, California, USA). Second, each disease had its specific list of complications and its own survey. Hence, we actually carried out three separate studies. Third, to avoid lengthy surveys containing 30 complications, each with three differing consequences, the first Delphi round started by presenting the moderate severity levels of each complication. If participants deemed this complication as major, it was assumed that they would also rate the corresponding severe level as major. In the next round, participants were asked to rate the mild level of this complication. Similarly, if they deemed the moderate complication to be minor, the mild level was also considered as minor. In the next round, participants were asked to rate the severe level of the same complication. Figure 1 provides an overview of this process.
Consensus
In every round, participants rated each complication on a five-point Likert scale, ranging from 1 (definitely minor) to 5 (definitely major). No strict guidelines exist within the Delphi method concerning the appropriate level of consensus. This level depends on the severity of the issue on which consensus is sought. A 51% level of consensus may be acceptable for decisions about a new hospital logo, whereas a 100% level of consensus is required for life or death situations. The researchers decided that an 80% level of consensus should suffice for this study [10] . Thus, if C80% of participants gave a complication a Likert score of 1 or 2, it was deemed minor. Likewise, if C80% of participants gave a complication a Likert score of 4 or 5, it was deemed major.
Number of rounds
Delphi studies have a minimum of two rounds. The maximum number of rounds depends on the number necessary to reach either consensus on all questions or the stage at which no additional consensus is expected. This Delphi study originally comprised four rounds. Post hoc, we added a fifth round to limit the possibility of missing major complications for which participants had not reached consensus on the moderate level. Participants had two weeks to complete each round.
Data analysis
The researchers assessed the reliability of the surveys by calculating the internal consistency of the first Delphi round expressed by the Cronbach's alpha, using IBM SPSS Statistics v.23 (Armonk, New York, USA). A Cronbach's alpha value of 0.7 or higher is regarded as an acceptable level of internal consistency, while a value of 0.9 or higher is considered excellent [18] . Following each round, the Likert scores from all participants for each complication were collected. The online survey tool automatically turned these scores into percentages. In the next round, the survey reported these percentages back to participants anonymously. Figure 2 shows an example of this feedback.
Results
Sixty-three vascular surgeons were invited for the AAA survey, 50 for CAD and 52 for PAD. Nine vascular surgeons participated in surveys for more than one of these diseases.
In the first round, 19 of 63 surgeons accepted our invitation for AAA, 21 of 50 for CAD and 17 of 52 for PAD. The response rates were 30%, 42% and 33%, respectively. Annually, these participants performed a median number of 48, 50 and 175 interventions for AAA, CAD and PAD, respectively. In the final round, 11 experts in AAA, 16 in CAD and 14 in PAD continued participation, resulting in a 25% total response rate.
Vascular surgeons from 13 different countries participated in this study. Thirty-two surgeons were affiliated to European centers and 14 to North American centers (see Fig. 3 ). Table 1 shows the characteristics of the participating surgeons. These characteristics did not show statistically significant differences between those surgeons who did or did not participate.
In round 1, Cronbach's alpha scores were 0.96, 0.97 and 0.95 for AAA, CAD and PAD, respectively. Experts suggested the following additional complications: access site pseudoaneurysm, ureteral and bowel lesion for AAA; patch infection, re-stenosis or occlusion, and contrast encephalopathy for CAD; decubitus ulcers, loss of sensibility in the leg, re-stenosis or occlusion, and aneurysm formation for PAD. Table 2 shows the major and minor complications following intervention in which the surgeons reached consensus per disease. The surgeons reached consensus on 12 major AAA complications, nine CAD complications and nine PAD complications. They also agreed upon nine, six and ten minor complications for AAA, CAD and PAD, respectively. Appendix A provides the complete lists of complications including severity levels. The experts did not reach consensus on some complications, including incisional hernia requiring surgical repair (AAA), pulmonary embolism requiring anticoagulant therapy (CAD), decubitus requiring surgical debridement (PAD).
Discussion
This Delphi study helped vascular surgeons to reach consensus on 9 to 12 major complications following surgery for AAA, CAD and PAD. Additionally, they reached consensus on 6 to 10 minor complications. This will give surgeons the ability to base the complications they discuss with their patients prior to surgery on these sets of major complications. 
Understandably, having to discuss up to 12 major complications may lead to some resistance. This continues to make the discussion about which complications to discuss with patients difficult but important. Surgeons want their patients to feel fully informed about their treatment options; however, they do not want to overburden or scare patients by listing all complications, particularly rare but severe complications. Thus, surgeons may not always discuss the risk of paraplegia after aortic repair. Nevertheless, it should be noted that most patients want more information than they currently receive [19] . This was also evident in two previous Delphi studies, which compared the patients' and physicians' viewpoints regarding information that should be discussed prior to treatment [7, 8] .
Close examination of legislation and guidelines on the informed consent procedure shows that differences exist between countries. Legislation in the UK requires physicians to discuss those risks that a reasonable person in the patient's position would deem of significance, or that their specific patient would deem significant [4] . The Royal Dutch Medical Association states that physicians must discuss complications occurring in more than 1% of patients as well as less frequently occurring major complications [3] . Unfortunately, neither country provides specific information about the severity and number of major complications surgeons should discuss with patients.
In general, major complications may require additional surgery or endovascular treatment, ICU monitoring, or cause permanent changes. This is why, our participants rated myocardial infarction, stroke, renal failure and allergic reactions as major complications for all three diseases. However, when observing the other major complications, it becomes evident that defining a complication as major depends on the specific disease and treatment. Moreover, it depends on the outcome of weighing the benefits of treating the disease against the severity of a complication, for example, aneurysm rupture following endovascular aortic repair and stroke after CAD and deep wound infection for PAD. Evaluation of these diseases and the complications from Delphi studies on varicose veins, colorectal and skin cancer shows that every disease requires its own list of complications [6] [7] [8] . Therefore, the authors recommend that all specialties develop sets of major complications for each disease they treat to discuss with their patients. It is also important to realize that the sets of major complications obtained in this study are by no means final. The patients' viewpoint is currently lacking. Another study to investigate whether the major complications from this study match those that patients consider to be major is ongoing. Adding this knowledge may close the surgeonpatient information gap and empower vascular patients to engage in shared decision-making (SDM) [20] . Previous studies have shown that SDM has a beneficial effect on quality of care and patient satisfaction [21] [22] [23] .
However, engaging patients in SDM requires more from surgeons than just discussing major and frequently occurring complications. This first step toward harmonizing the complications under discussion is to ensure that all patients are informed equally about potential complications, which reduces unwarranted variation. Next, surgeons should help patients understand the risks involved and explicitly ask them about their concerns regarding these complications. Decision support tools for SDM are available to help patients grasp relevant information concerning the occurrence and timing of potential complications, while also encouraging patients to contemplate their concerns and preferences [22] . Surgeons must then help patients weigh the benefits and harms of their own situation. This allows surgeons to advise their patients about the treatment option that best fits the patient's considered opinion and preferences.
The strengths of this study are first that study participation was made as easy as possible by using an electronic questionnaire participants could fill out at any time. In addition, participants received a maximum of 30 [24] . Hence, our panel size was considered satisfactory throughout the study. Second, most participating surgeons were affiliated to a university hospital. The frequency and severity with which complications occur may differ between university medical centers and other medical centers, due to a different case mix. Thus, all participants were asked to rate these complications as if they occurred in a 'regular' patient. Third, as the researchers decided to start the survey with the moderate level of severity of each complication, where participants did not reach consensus on the moderate level they did not obtain information on the severe level. Therefore, consensus on some major complications may not have been reached. This, however, holds for a minority of complications.
In conclusion, by means of this Delphi study, an international panel of vascular surgeons reached consensus on major complications following treatment for AAA, CAD and PAD. Vascular surgeons should base the complications they discuss with their patients prior to surgery on these sets of major complications. As complications of individual diseases differ substantially, all specialties should have sets of complications available for the diseases they treat to discuss with their patients. The next step is to finalize these lists by including the patients' viewpoint and for surgeons to help patients weigh the benefits against possible complications of each treatment option.
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